INTRODUCTION
Millions of patients present to the emergency department (ED) annually in the USA with common complaints of dyspnoea, chest pain or both 1 and pulmonary embolism (PE) is potentially a fatal underlying cause. Fear of missing mortal diagnosis often compels emergency physicians to order a D-dimer. Even though D-dimer is a relatively low cost test, it has poor specificity, and therefore often leads to false positive results. Positive D-dimer in turn leads to expensive confirmatory tests such as ventilation perfusion scan, CT-pulmonary angiography and so on. 2 These confirmatory tests incur significant cost burden on patients, increase length of ED stay and may lead to incidental findings, which further increase anxiety level of patients along with serial imaging studies. 3 Kline and colleagues developed a clinical decision rule ( pulmonary embolism rule-out criteria, PERC) to rule out the PE among patients with low suspicion. 4 Patients meeting PERC criteria (PERC (−)) (age <50 years, pulse rate <100/min, SpO 2 >94%, no unilateral leg swelling, no haemoptysis, no surgery or trauma within 4 weeks, no prior deep vein thrombosis or PE and no oral hormone use) should not require any further testing including D-dimer. PERC rule when applied to the US population yielded similar results; however, the results were inconclusive in European population. [4] [5] [6] [7] [8] [9] [10] [11] Therefore, we conducted a systemic review and meta-analysis reporting the pooled results of all available studies done in different settings and concluded that PERC rule can be used with confidence in various settings with low PE probability. 12 Recently, Penaloza et al 13 applied PERC rule alone and combined with revised Geneva score and gestalt clinical probability in a non-selected European population. They reported that PERC rule when combined with gestalt clinical probability can rule out PE in selected group of patients without requiring additional testing. 13 Therefore, to further strengthen the evidence, we performed an updated systematic review and meta-analysis including additional studies to our previous report to assess the accuracy of PERC in ruling out PE in the ED.
METHODS
This meta-analysis followed the Preferred Reporting Items for Systematic Review and Meta-analysis statement guidelines. 14 We conducted a comprehensive search of the major databases (Ovid Medline In-Process & Other Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid PsycInfo, Ovid Cochrane Central Register of Controlled Trials, Ovid Cochrane Database of Systematic Reviews and Scopus) through August 2011 and updated on 29 May 2012, irrespective of language barrier. In addition, we reviewed the references in potentially eligible articles and conference proceedings of the major emergency medicine organisations to minimise the publication bias. The comprehensive search was designed by an expert librarian (PJE), with inputs from the study investigators (AKP and BS). The detailed search strategy is available as an online supplementary appendix.
Editor's choice Scan to access more free content
Two reviewers independently screened the titles and abstracts of potentially eligible articles, followed by a comprehensive review of full texts of potentially eligible articles. The study selection criteria were: (1) defined performance of accuracy of PERC to rule out PE, (2) original research and (3) conducted in the ED. We did not limit our search strategy to the publication or language status. Inter-reviewer agreement for study selection during both phases was assessed with Cohen's weighted κ, and any disagreement was resolved by mutual consensus. Two reviewers independently extracted the data from included studies using the standardised predesigned form, and any disagreement was resolved by mutual consensus. Data points were study characteristics (author, country, publication year, number of patients, study settings, study design, description of study participants and duration of follow-up), subject selection (inclusion and exclusion criteria), PERC classification, outcome definition and measurement, outcomes in PERC positives and negatives, and follow-up. In a study reporting multiple cohorts, each cohort was included separately. 12 The primary outcome of our study was the diagnosis of PE or venous thromboembolism or death caused by venous thromboembolism within 90 days of initial ED evaluation. For the quality assessment of the study methodology, we used the modified Quality Assessment of Diagnostic Accuracy Studies tool; further details about quality assessment are given elsewhere. 12 The quality assessment of study methodology was done independently by two reviewers and the inter-reviewer agreement was assessed with Cohen's weighted κ and any disagreement was resolved by mutual consensus.
Statistical analysis
The results were reported as medians with IQR or means with SD for continuous variables and percentages for the categorical variables. Contingency tables were used to calculate the pooled sensitivity and specificity. Pooled likelihood ratios and diagnostic OR were calculated by random-effects model. The statistical heterogeneity between the studies was quantified with I 2 statistic. 15 I 2 values of <25%, 25%-50% and >50% represent minimal, moderate and substantial heterogeneity, respectively. A subgroup analysis was performed on the basis of PE prevalence (<10% and ≥10%). Meta-regression with a generalisation of Littenberg and Moses linear model was performed to determine the association between PE prevalence and PERC diagnostic accuracy. All the analyses were performed with Meta-Disc software (Unit of Clinical Biostatistics and the Ramon y Cajal Hospital, Madrid, Spain).
RESULTS
The study selection flow diagram is shown in figure 1 . In all, 12 studies including 13 cohorts met the inclusion criteria (table 1), comprising of 14 844 patients from six countries (USA, UK, Switzerland, France, Belgium and New Zealand).
4-11 13 16-18 Twelve cohorts were urban and one was rural, 5 with three derived retrospectively, 6 10 13 while the rest were derived prospectively. Mean age was 56.7 years, with 63% female subjects. The inter-reviewer agreement (κ) for phase I (title and abstracts) and phase II (full texts) was 0.93 and 0.91, respectively. Quality assessment of the study methodology is shown in table 2. The inter-reviewer agreement (κ) for the quality assessment of the study methodology was 0.88. In all the cohorts, study populations appeared unbiased, with no reported implementation of PERC in clinical practice. Figure 2 demonstrates the pooled performance of the included studies. The pooled (95% CI) sensitivity, specificity, positive likelihood ratio and negative likelihood ratio were 0.97 (0.96 to 0.98), 0.22 (0.22 to 0.23), 1.22 (1.16 to 1.29) and 0.17 (0.13 to 0.23), respectively, for PERC alone. Even though minimal decrease was seen in pooled specificity, positive likelihood ratio and negative likelihood ratio after combining the PERC rule with the clinical gestalt, it was clinically insignificant. 12 The pooled (95% CI) diagnostic OR was 7.4 (5.5 to 9.8). Significant heterogeneity was observed in specificity (I 2 =97.4%) Figure 1 The flow diagram for the selection of studies. and positive likelihood ratio (I 2 =89.1%); however, no heterogeneity was observed in the negative likelihood ratio (I 2 =0%). The overall proportion of missed PE was 0.3% (48 of 14 844 total cases) when PERC rule was used alone or with revised Geneva score, which further decreased to 0.296% (44 of 14 844) when used in combination with clinical gestalt.
For the preplanned subset analysis, studies were divided into two groups based on the PE prevalence (≥ or <10%) (see online supplementary appendix figures S1 and S2). In high and low prevalence groups, pooled (95% CI) sensitivity, specificity, positive likelihood ratio and negative likelihood ratio were 0.97 (0.97 to 0.98), 0.14 (0.13 to 0.16), 1.13 (1.10 to 1.16 
DISCUSSION
We conducted a systematic review and meta-analysis of all the literature till date to assess the performance of PERC rule in ruling out the PE in ED, when the clinical probability is low. We found that PERC rule is highly effective in ruling out the PE in settings of low clinical suspicion and D-dimer testing is therefore unnecessary when the pretest probability is low. These results are similar to our previous findings with lesser number of studies, which is equivalent to 'level 2 evidence'. 12 Penaloza et al 13 reported that PERC rule combined with low gestalt clinical probability seems to identify a group of patients for whom PE could easily be ruled out without additional test, as compared with when PERC rule was applied alone or in combination with revised Geneva score. On analysis, the overall pooled sensitivity and negative likelihood ratio did not change when PERC rule was applied alone and in combination with revised Geneva score and with clinical gestalt to an additional 959 patients by Penaloza et al 13 in European setting. Pooled specificity, positive and negative likelihood ratio decreased minimally compared with a previous report, 12 which were clinically insignificant. Possible reasons for unchanged pooled results after including the results of PERC with clinical gestalt could be single study and small number of patients. Therefore, validation of PERC with gestalt clinical probability in another population setting with larger number of patients would be of great value.
Current meta-analysis reports high sensitivity and negative predictive value of PERC with very low missing rate of true PE, which is consistent with our previous report with lesser number of patients. 12 On subset analysis, sensitivity and negative likelihood ratio did not change between high and low prevalence groups, and thus PERC rule seems to be highly predictive of the absence of PE in low clinical probability population irrespective of the PE prevalence. This further reiterates our findings that 'use of PERC could avoid the frequent expensive diagnostic imaging that typically results when a D-dimer result is positive'. 12 Addition of one more large study from a different population setting further increases the authenticity of our pooled results, whereas low specificity still remains the major problem. Other limitations of this meta-analysis are small number of included studies and heterogeneity in the specificity and positive likelihood ratio. However, the specificity and positive likelihood ratio have limited importance while measuring the test performance of a predictive test. In conclusion, PERC rule can be used confidently in clinically low probability population settings. Combining PERC rule with gestalt assessment would require further studies in different population settings with a large number of patients. 
